Background: Displaced proximal humeral fractures, which used to be treated conservatively in the past, often had compromised functional results. With the advancement of technology, these fractures are now more often managed operatively, fulfilling the demands of an active and productive life style by the patients. The aim of this study was to assess the functional outcome of management of proximal humeral fractures with Philos (Synthes; Johnson and Johnson, West Chester, Pennsylvania, USA) plate fixation. Methods: In this prospective study, 40 patients aged 18e80 years (mean age 52.4 years) with fractures of the proximal humerus, including two-, three-, and four-part fractures, were treated by open reduction internal fixation with Philos plating. Patients were functionally evaluated based on subjective (35 points) and objective (65 points) parameters as per the constant scoring system. Results: All these operated patients were followed up for 18e36 months (average 27.3 months). Functional outcome based on the constant scoring system showed excellent results in 20 (50%), good in eight (20%), and moderate in eight (20%) patients. Four (10%) patients had poor functional results. Out of six cases of four-part fracture dislocations, avascular necrosis of the humeral head was observed in two patients. One of these two patients had avascular necrosis of the head along with nonunion of the fragment to the shaft. Conclusion: Philos plate fixation for proximal humeral fractures provides good stable fixation with good functional outcome and minimal complications.
Introduction
Fractures of the proximal humerus account for 5.7% of all fractures, with an incidence rate of 63 cases per thousand adult individuals per year. 1 Its incidence is increasing due to population ageing and osteoporosis. 2 About 80% of these fractures are stable and minimally displaced, whereas the remaining 20% are displaced and unstable, and may have disrupted vascular supply. 3 The function of the upper limb is to provide powerful, accurate, and a wide range of movements for different daily activities. Therefore, the aim of the treatment is to achieve a good functional outcome. The nonoperative method gives good results in stable and minimally displaced fractures. 4e6 Operative treatment is necessary for the management of displaced, unstable fractures and fractures associated with dislocation. 7 Various modalities of operative treatment for fractures have evolved, which include closed reduction and percutaneous pinning, 8 open reduction, and internal fixation with various techniques such as tension band wiring, 9 transosseous suture fixation, 10 conventional plate, 11, 12 advanced locking plate, 13e22 nailing, 23e25 and hemiarthroplasty. 26e28 However, no single technique has been proved to be ideal. The current recommendation is that fractures of the proximal humerus that are displaced by > 45 or 1 cm should be managed with closed or open reduction and operative fixation. There are complications such as inadequate primary stability after minimally invasive treatment of proximal humerus fractures, 9 risk of the humeral head necrosis due to extensive exposure during insertion of implants, non-or malunion, subacromial impingement, plate and screw loosening after open reduction and internal fixation, 8 etc. All these led to the development of proximal humerus locking plates based on the principle of locking compression plates. 29 The purpose of this study was to evaluate the results of osteosynthesis of fractures of the proximal humerus using a Philos plate in terms of fracture union, range of movement, activities of daily living, and complications.
Materials and methods
This was a prospective cohort study conducted in 40 patients with fractures of the proximal humerus between January 2008 to January 2011 at Central Institute of Orthopedics, Safdarjung Hospital. The indications of operative treatment were based on Neer's classification 30, 31 of proximal humerus fractures. All the adult patients with closed two-and three-part fractures of the proximal humerus, irrespective of age, who reported within 3 weeks of injury were included in the study. In patients with four-part fracture, fixation was performed only when the patients' age was < 60 years. Patients with open and pathological fractures of the proximal humerus were excluded from the study. Skeletally immature patients with proximal humerus fractures were excluded from the study as well. Patients with a past history of surgery in the affected shoulder were also excluded. All the patients were subjected to radiographic evaluation. Fine-cut coronal and sagittal computed tomography scans of the shoulder were performed when intraarticular involvement was suspected, including articular comminution of the humeral head or suspected glenoid involvement, and when it was difficult to evaluate on plain radiographs. The information obtained from both plain radiographs and computed tomography regarding the characteristics of the fractures was used for fracture classification as well as for the intraoperative reduction manoeuvre.
Operations
The standard deltopectoral approach was used in all cases. Two surgeons including the senior author were involved in most of the cases. Fracture fragments were identified and stay sutures were placed in the rotator cuff. After freshening the fracture fragment, fractures were reduced. Temporary fixation with K-wires was performed to hold the fracture reduction. After temporary fracture reduction was achieved, the precontoured locking plate was positioned 5e10 mm lateral to the intertubercular sulcus and 10 mm caudal to the tip of the greater tuberosity. Tuberosity fixation was carried out through plate holes and sutures. Proximal locking screws were extended till subchondral purchase. The distal humeral screws were having bicortical purchase ( Figure 1 ).
An image intensifier was used to check the quality of the reduction, stability of the construct, plate position, and length of the screws to avoid penetration of the locking screws into the glenohumeral joint in all the cases. The range of motion was also checked for any impingement. Once adequate fixation was confirmed, the wound was closed in layers.
Postoperatively, the arm was immobilised using a shoulder immobiliser. Wound inspection was performed on the 2 nd postoperative day, and the drain was removed after 48 hours. Sutures were removed on the 14 th postoperative day. All patients were started on pendulum exercises and gentle range of motion exercises from the 2 nd postoperative day, depending on the pain tolerance of the patients. The patients were followed up for a period of 18e36 months. They were reviewed on the 3 rd postoperative day and 14 th postoperative day, and then at 6 weeks, 3 months, 6 months, 12 months, 24 months, and 36 months. At each follow-up visit, the patients were examined clinically and radiologically. Clinical examination included evaluation of the status of surgical wound, severity of pain, swelling, tenderness, distal neurovascular deficit, deep infection, and range of movement. X-rays of the true anteroposterior view, anteroposterior view with the humerus in internal rotation and external rotation, and lateral scapular view of the proximal humerus were taken to see fracture reduction, position of plate, fracture healing, tuberosity attachment (union), nonunion, malunion (varus deformity), and avascular necrosis (AVN). At 3 months, 6 months, 12 months, 2 years, and 3 years, in addition to the abovementioned evaluations, the patients were assessed by Constant and Murley shoulder scores, 32 which depends on severity of pain, activities of daily living, and range of motion in terms of forward elevation, lateral elevation, internal rotation, external rotation, and strength.
Results
In the present study, maximum numbers of patients were in their 5 th decade of life, with a mean age of 52.40 years. There was a male preponderance, accounting for 62.5% of the patients ( Table 1) .
The majority of patients (21 cases) sustained injury due to road traffic accidents, followed by fall on an outstretched hand (16 cases) and assaults (3 cases). The majority of the patients (26 patients) attended the Accident and Emergency Department on the day of injury themselves, four others reported the day after, the remaining 10 presented to the hospital with variable delays ranging from 2 days to 13 days. In the present study, 17 patients (42.5%) had associated injuries, namely fracture of trochanter, supracondylar femoral fracture, fracture of ipsilateral tibia, chest injury, and head injury. Fractures of the patients were classified according to Neer's classification. There were 20 (50%) patients with two-part, 14 (35%) patients with three-part, and six (15%) patients with four-part fractures. Most of the cases in this study were operated within a period of 0e7 days from the day of injury. The mean follow-up period was 27.3 months (range 18e36 months). Fractures were judged to be clinically united when painless, unaided movements were possible, and there was no tenderness. Fractures were termed radiologically united when bridging trabeculi were present across the fracture site covering at least 75% of its circumference. The average time for radiological union was observed to be 12.3 weeks. Delayed union was observed in two cases. In both these cases, the union occurred in 18 weeks without any additional intervention. Patients were functionally evaluated based on subjective (35 points) and objective (65 points) parameters as per the constant scoring system. The final outcome of the procedure was graded as excellent, good, moderate, and poor depending upon the scores of 86e100, 71e85, 56e70, and 0e55, respectively. As per parameters of the Constant scoring system, the overall results were assessed to be excellent in 20 (50%), good in eight (20%), and moderate in eight (20%) patients. Four (10%) patients had poor functional results ( Table 2 ).
Complications
No intraoperative or immediate postoperative complications in the form of neurovascular injuries/complications related to general anaesthesia were observed in the present study. Some late complications are listed in Table 3 .Out of the six cases of four-part fracture dislocations, AVN of the humeral head was observed in two patients. One of these two patients had AVN of the head along with nonunion of the fragment with the shaft. One of the patients presented with superficial infection and wound dehiscence at the first follow-up visit, which was initially managed with debridement and aseptic dressing followed by secondary closure after 5 days. Subacromial impingement was seen in one patient where the plate was fixed too proximally. There was one case of backing out of a screw. This was removed after 6 months of surgery. There were no incidences of perforation of articular surface or breakage of a plate or screw in the present study.
Discussion
Surgical management of displaced proximal humerus fractures aims at restoring the prefracture functional status of the patients, as far as occupational and recreational activities are concerned. In the present series, the fractures were classified radiologically, according to Neer's classification.
The majority of cases were having two-part (20 patients) fracture, followed by three-part (14 patients) and four-part (6 patients) fractures. Two-part fracture was observed to be the most common fracture pattern in the present study. Similar observations had also been reported by Bj€ orkenheim et al. 13 By contrast, Koukakis et al, 6 Rose et al, 16 Siwach et al, 18 and Fankhauser et al 29 had reported a significant higher incidence of three-part fractures in their series. There was a significant number of associated injuries in the present study, with seven (28%) of our patients suffering from additional fractures. The average interval between injury and surgery in the present study was 6.24 days. It was primarily due to the patient presenting late or because some patients taking longer than usual time for anaesthesia fitness because of pre-existing comorbid conditions. Various reports in the literature have also indicated an interval of 2e10 days between the injury and operation. 3 The average time for radiological union in our series was 12.29 weeks. Delayed union was observed in two patients in whom fracture healed within 16 weeks without any further intervention. We observed one case of nonunion along with AVN of the humeral head. The AVN and nonunion were attributed to fracture dislocation from anatomical neck without a medial hinge.
The average time of union in our study was comparable with that found in related literature (Table 4 5 ,15,19,20 ) .
In our study, at 1-year follow-up, 32 of 40 patients (80%) had no pain and the remaining eight (20%) patients complained of mild pain, which was occasional or associated with prolonged activity involving the shoulder. Fankhauser et al, 29 in their series involving 29 shoulders, reported good pain relief, with an average constant pain score of 13.9 after 1 year. Though Klitscher et al 19 observed 5e35 secondary varus displacement of proximal fragment with a mean of 7 in 19 of 30 patients treated with Philos, Table 1 Age and sex distribution of patients (n ¼ 40)
Age (y)
Male Female  Total   < 40  6  2  8  41e50  3  4  7  51e60  13  3  16  61e70  2  4  6  > 70  1  2  3  25 (62.5) 15 (37.5) 40 (100)
Data are presented as n or n (%). 19 10.7 wk (75 d) Monga et al 5 11 wk Nabil et al 15 12 wk for 97% of patients Our study 12.3 wk (86 d) they reported good/excellent result in 76.7% of patients using normalised constant score. The higher incidence of varus displacement in their study was attributed to poor bone quality due to osteoporosis, as the mean age of the study group was 66 years. By contrast, Acklin et al 33 were partial and 5 total), and this was associated with a significant drop in the clinical functional score (p < 0.05) in their series of 92 patients. In the literature, the rate of necrosis for three-and fourpart fractures had been between 0% and 50%, depending on the osteosynthesis procedure. 20, 21, 25, 29 In our study, two patients developed AVN of the humeral head. One of these patients who developed total osteonecrosis of the humeral head did not have any soft tissue attached to the head fragment. The results in our series were comparable to those reported in the literature. 25 Sudkamp et al, 35 in their analysis of results of a prospective multicentre observation study on the use of locking proximal humeral plate, found that the most common complication of the procedure was intraoperative screw perforation of the humeral head, which was seen in 21 (14%) of 155 patients. Sproul et al 36 also reported 8% incidence of this complication in their systemic review of 514 patients operated by locking plate fixation of proximal humeral fixation. However, there was no such case in our study primarily because of the judicious use of intraoperative Carm imaging screening. Most of the patients in the present study resumed their previous job, except for two. One of the patients also had trochanteric fracture, which further limited the patient's activity. Bj€ orkenheim et al 13 reported that 18 of 23 patients returned to their previous occupation. The lower rates of complications in our series could be due to strict inclusion and exclusion criteria, relatively higher percentage of two-part fractures in the series, and also the intraoperative use of C-arm imaging. The proximal humerus locking plate provides excellent fixation to the humeral head and other fragments. It is suitable for two-, three-, and four-part fractures (not involving humeral head) in young and elderly patients, provided that correct surgical technique is used, but randomised trials are needed to compare different methods of fixation.
Conclusion
The ideal treatment of displaced proximal humeral fractures remained controversial for several years. The current trends show a shift towards the use of specially contoured proximal humerus locking plates. The present study indicates that it is a promising implant and provides a good functional outcome in proximal humerus fractures. Along with providing a buttressing effect laterally, it can also provide inferomedial support by locking screws, which prevent varus displacement of proximal fragment in the presence of medial comminution. Superior functional and radiological outcomes in patients with displaced proximal humeral fractures indicate that a proximal humerus locking plate is likely to be a better option in the management of these fractures.
